Abstract -Industrial development and anthropogenic activity have a huge impact on the environment, forcing society to find new and cost-effective environment treatment technologies. One of the most effective and environmentally friendly methods is the use of biosorbents, for which peat is one of the most cost-effective materials. The adsorption capabilities of peat sediments are well known; however, mainly raised bog peat is used for environmental treatment, and thus the abilities of fen peat are underestimated. The aim of this research was to assess the fen peat suitability as an adsorbent for metallic elements. In this study we have determined the sorption characteristics of Ca, Mg, K, Na, Cu and Pb and results show that fen peat deposits have a huge variability as a biosorbent due to their variable botanical composition and complex properties, for instance, under equal conditions, wood-sedge peat can have higher lead adsorption capacity than wood peat. However, due to its natural content of metallic elements, the sorption capacity overall is lower than it is for raised bog peat, although the high pH reaction encourage a high mobility metals.
I. INTRODUCTION
In Latvia peat is used in much smaller amounts than it would be economically justified, even without compromising the natural values, because a significant part of Latvian mires are located in various nature reserves, where peat harvesting is prohibited. The main scope of companies is raised bog raw peat harvesting for the local market and export. Thus the main challenge is what to do with fen peat after raised bog peat layer removal in bogs and with peat in fens -is there any perspective for usage of this material. Even though the most popular is to use peat as a raw material in such areas as heating or power generation (where fen peat usually is not the best option), uses of it goes far beyond this point. In our study, fen peat is viewed as a valuable natural resource and its possibilities as base material for biosorption. In general, "biosorption may be simply defined as the removal of substances from solution by biological material" [1] .
The formation of peat takes place in anaerobic conditions and is followed by the accumulation of organic carbon. Thus the mire formation is a significant part of the biogeochemical cycle of carbon and other elements, which, at the same time, depends on the variability of the environmental conditions. The high content of acidic functional groups in peat provides the ability to bind major and trace elements included in the remains of living organisms and to accumulate them as a specific chemical compound or to bind them in complex substances. The main sources of the elements in peat mass are peat forming microorganisms, ground waters and precipitation (Table I) . While the ability of peat to accumulate chemical elements depends on: 1) the ion capacity to bind with functional groups (in particular, with carboxyl-and phenol hydroxyl groups), 2) pH reaction, 3) presence of the low molecular weight compounds (carboxylic acids, polyphenols) and other dissociating compounds, for instance, sulphate or hydrogen carbonate ions.
The chemical composition of peat changes according to its placement in the vertical and horizontal level, water table fluctuations and peat forming plant composition and decomposition characteristics. The increase of the anthropogenic impact also can cause various additional conditions. The drainage and use of peat in agriculture and forestry can significantly affect element accumulation. Lots of studies show an increase of the amount of several chemical elements in the peat mass during the last hundred years on the account of anthropogenic pollution. Due to the ability to bind pollutants (which are mainly supplied via precipitation and water flow), peat and mire plants can successfully be used as pollution indicators. In many countries the sorption abilities of moss and peat are used for environmental monitoring, for studying and predicting expected changes in pollution levels. The element accumulation characteristics because of the nature of the environmental pollution and peat composition can be regional.
Accumulation of chemical elements in peat profiles serve as valuable archives of natural and human induced change. The concentration of major elements in peat is influenced by the general environmental settings in the area. At the same time, the sorption capacity of trace elements is affected by peat properties. It depends on oxygen containing functional groups and it is growing with an increasing degree of decomposition. In addition, fen peat seems to be largely saturated in respect to metal ions, while for raised bog peat -it is the opposite. In the latter case, metal sorption takes place due to competition with Ca 2+ and Mg 2+ which are general major elements common to fen peat. The final pattern of major and trace element accumulation depends on the balance between natural and human inducted processes, but at low pollution levels, natural element accumulation prevails.
The application of FT-IR spectroscopy on peat provides data about the nature of oxygen and hydrogen containing functional groups, their structural array, relations, etc. [2] [3] . However, it should be remembered that this method only indicates the presence of one or another functional group. Certain functional groups absorb IR light at characteristic frequencies (Table II) . Thus it is possible to identify chemical structures common to a singular peat sample [4] . The greater part of absorption zones for functional groups common to peat are located in the so-called middle range of the IR spectra at a wavelength interval from 400 cm −1 to 4000 cm −1 . The general absorption range can be separated in three main areas: 1) the "Fingerprint region" in a wavelength interval from 400 cm −1 till 1500 cm −1 ; 2) absorption of double bounded groups in a range from 1500 cm −1 to 2500 cm −1 and 3) "R-H region" in a range from 2500 cm −1 -4000 cm −1 [2] . 
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The ability of peat to accumulate major and trace metals depends on the ability of metal ions to bind with the common functionalities in the structure of peat, and, as a consequence of this, the ability of metals can be arranged in the sequence: Hg > Cu > Pb > Ni > Zn > Co > Cd > Mn. The dominant sources of major and trace elements in peat mass can be attributed to atmospheric precipitations, to metals present in the peatforming plants as well as to supply from groundwater and surface runoff. In many contemporary studies it is concluded that main sources of major and trace elements in peat are anthropogenic pollution; however, in most cases only upper peat layers are analysed.
Interrelations of major and trace elements are similar and subject to similar regularities, but their concentrations are purely individual in accordance with the specific conditions of mire.
In a large dose all metallic elements, but in particular heavy metals, are serious contaminants and cause not only the degradation of vegetation, but also human health problems. Heavy metals are not biodegradable and they tend to accumulate in living organisms and cause a variety of disorders and diseases such as peripheral neuropathy, multiple sclerosis, cancer and others [5] . The increase of the content of heavy metals in the environment is a global problem and is a growing threat to humanity [6] . Heavy metals are naturally occurring substances, but they also form as by-products of industrial activity and the spread of them should be limited to a minimum. In general, humans and other organisms are exposed to heavy metals from food and water, therefore, one of the largest challenges is the potential for the bioaccumulation and biomagnification of heavy metals in the food chain [7] . Water plays an important role and life in biogeochemical cycles and in human development, but the increase of environmental and water pollution is a major concern nowadays, hence, there is an urgent need to find any possibility to treat the environment before heavy metals are discharged into food or water bodies. To promote the sustainable environment high on the agenda is to limit heavy metal contamination, particularly of that in wastewaters of metal plating facilities, tanneries and many other industries. The most popular methods in the decontamination of waste water are coagulation, membrane separation, oxidation and other physic-chemical methods [8] , but these methods are expensive and have a lot of technical constraints and disposal problems. There is an urgent need to find a universal, simply operable and cost effective method in wastewater treatmentnot only in the decontamination of industrial waters, but also in the decontamination of any waste material which might end up in the water. One of the most promising solutions is the use of biosorbents. Several of the currently used biosorbents have proven their effectiveness, for instance, peat moss, seaweed, bacteria, wool and rice [9] [10] [11] and have high potential in environmental decontamination. The quality of peat and range of applications largely depends directly on major and trace element concentration in it. Physicochemical characteristics like high porosity, acid to alkaline pH reaction, modifiable specific surface area and high ion exchange capacity allow using the peat as a high-quality material for a variety of biosorbents [12] . In fact, the use of peat and peat products for the purpose of biosorption of heavy metals can be a technically feasible and an economically viable solution, because it is a low cost organic material which requires little processing and is abundant in nature [13] [14] . Peat, most commonly -a peat fibre, due to its characteristics has been used as a filtration material for a variety of liquids, gases and odours [15] . Mostly, though the raised bog peat and products of its modification have been used; hence, the perspective of fen peat as a sorbent is not completely evaluated. The most common heavy metals with a significant influence on living organisms are arsenic (As), barium (Ba), cadmium (Cd), chromium (Cr), lead (Pb), iron (Fe), mercury (Hg), selenium (Se) and silver (Ag) [16] . The aim of this study was to analyse the sorption ability of fen peat and to assess the sorption capability of metallic elements (Ca, Mg, K, Na, Cu and Pb) onto the fen peat.
II. MATERIAL AND METHODS
Peat samples with the vertical interval of 0.1 m were taken from fen peat profile from a minerotrophic fen in the territory of Latvia -Viki Mire. The botanical composition [17] , decomposition degree [18] [19] , pH reaction and the concentration of metallic elements were determined before the sorption experiment has been performed. The sorption of Ca, Mg, K, Na, Cu and Pb onto the fen peat was performed in an aquatic environment using water-soluble reagents (CaCl2·2H2O; MgCl2·6H2O; KCl; NaCl; CuSO4·5H2O and Pb(NO3)2) which were diluted to 250 ml.
Equilibrium batch adsorption studies were carried out by mixing peat (100 mg of a ground peat sample (oven-dried at 105 °C for 24 h)) with aqueous metal solutions (50 ml) of different concentrations in sealed containers at 25 °C for 24 h. Subsequently, samples were filtered and the amount of heavy metals in the filtrate was measured by atomic absorption spectrometer (PerkinElmer AAnalyst 200).
The values of the sorption capacity (equation 1) (SC) were calculated using the multiplication of the volume of the analytical solution (V) and the difference between analytic concentrations before (Cn) and after (Ca) adsorption against the mass of the dried peat sample (m). Sorption isotherms were created marking the Cb (mg/L) values on the x axis and SC (mg/L) values on the y axis. 1) where "SC" -sorption capacity (mg/g), "Ci" -analytic concentration before the adsorption (mg/L), "Ce" -analytic concentration after the adsorption (mg/L), "V" -volume of the analytic solution (L), "m" -sample mass (g).
The appropriate model of the adsorption mechanism was created using the determination coefficients (r 2 ) of the Langmuir and Freundlich adsorption models, which are the most often used adsorption models. The Langmuir adsorption model is based on the following assumptions: "adsorption is limited to monolayer coverage, all surface sites are alike and only can accommodate one adsorbed atom and the ability of a molecule to be adsorbed on a given site is independent of its neighbouring sites occupancy" [20] , and can be written as the following (equation 2, 3): where "qe" is the amount of metal sorbed at equilibrium (mg/g), "qmax" is the monolayer sorption capacity (mg/g), "b" is Langmuir constant, "Ce" is concentration of metal ions in solution at equilibrium.
One There must be a straight line with slope of (1/qmax) and an intercept of (1/b·qmax) when a plot of (Ce/qe) versus Ce is drawn.
Freundlich isotherm describes the equilibrium on heterogeneous surfaces and does not assume monolayer capacity [21] .
The Freundlich equation is (equation 4, 5) :
III. RESULTS AND DISCUSSION
In this study (Table III) , the concentration of the initial solution was gradually increased and the metal adsorption ability of wood-grass and grass fen peat was examined. Our peat samples have a high content of metals naturally; therefore, its sorption capacity is lower than it is in a raised bog peat. The fen peat has a high natural concentration of Ca, Mg and Cu (Table IV) , while the concentration of potassium, sodium and lead in the peat mass with respect to raised bog peat are significantly lower. The sorption capacity of elements onto the peat is influenced by peat properties and depends on the oxygencontaining functional groups and it is growing along with an increasing degree of decomposition. In addition, the raised bog peat seems to be largely unsaturated in respect to metal ions, while the situation is just the opposite with peat from the fens, where the metal sorption hypothetically takes place due to the competition with Ca and Mg. Results show that adsorption abilities of metals are followed by geometric progression and it depends on the natural concentration of elements in peat -the higher is the natural concentration of metals in the peat, the lower is the adsorption capacity of this particular metal. In all our experiments peat samples with their natural pH reaction were used: the wood-grass peat with pH 5.8 for Ca (Fig. 1) ; the grass peat with pH 6.0 for Mg, K, Na; the wood-grass peat with pH 5.7 ( Fig. 2) for Cu and the wood-grass fen peat with pH 5.8 for lead.
1 g of the dried fen peat in the natural conditions adsorbs 3 mg of Ca and twice as many of Mg; however the adsorption mechanism between wood-grass and grass peat is slightly different and the adsorption capacity can be reached faster in wood-grass peat. The adsorption capacity of sodium and potassium is almost the same (~ 15 mg/g) and so are the adsorption characteristics. The adsorption capacity of copper is even higher; it reaches 25 mg/g on the wood-grass peat, and obtained sorption capacity is compared with results reported in other studies (Table V) . Lead in the wood-grass peat reaches its maximum capacity of 125 mg/g.
Results show that the sorption capacity of Ca in our analysed peat is 13 mg/g from which only 3 mg/g can be adsorbed artificially. A different situation is with other elements -it is possible to adsorb magnesium three times more than the amount already in peat, yet this strongly depends on the content of Ca, because both elements compete with one another. The most significant specialty of our analysed fen peat samples is lower lead content, which allows adsorbing almost 130 mg of lead on a gram of peat mass. This sorption capacity is similar as adsorption capacity of peat used in other studies (e.g., 122 mg/g) [32] and higher than sorption capacity of modified peat-resin particles (e.g., 47.39 mg/g) [14] . Results show that, with an increase in the content of the analytic solution decreases the concentration of Ca and Mg in the peat sample and relatively high pH reaction allows metallic elements to migrate at a high rate, however, the naturally high metal content limits the sorption capacity of artificially added metals. 
IV. CONCLUSION
Fen peat has a huge variability as a biosorbent due to its variable botanical composition and complex properties, for instance, under equal conditions wood-sedge fen peat can have a higher lead adsorption capacity than wood fen peat. The adsorption of metallic elements occurs due to the replacement of Ca and Mg. It was concluded that the adsorption of metals follows the Langmuir adsorption isotherms.
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